Objective. To identify the most robust methods for evaluating alternative payment models (APMs) in the emerging health care delivery system environment. Study Design (Approach). We assess the impact of widespread testing of alternative payment models on the ability to find credible comparison groups. We consider the applicability of factorial research designs for assessing the effects of these models. Principal Findings. The widespread adoption of alternative payment models could effectively eliminate the possibility of comparing APM results with a "pure" control or comparison group unaffected by other interventions. In this new environment, factorial experiments have distinct advantages over the single-model experimental or quasiexperimental designs that have been the mainstay of recent tests of Medicare payment and delivery models. Conclusions. The best prospects for producing definitive evidence of the effects of payment incentives for APMs include fractional factorial experiments that systematically vary requirements and payment provisions within a payment model. Key Words. Medicare, alternative payment models, factorial design In 2019, under the provisions of the Medicare Access and CHIP Reauthorization Act of 2015 (MACRA), Medicare will add 5 percent to the payments of providers who participate in a diverse array of alternative payment models (APMs) such as medical homes, accountable care organizations (ACOs), and bundled payment programs. This seemingly small change may prove to be a tipping point not only for the adoption of APMs but also for the methods we use to evaluate them. With much resting on the success of these models, there will be a more pressing need for robust information on provider responses to the new payment methods and to the incentives that determine cost and quality. However, the widespread and expanding use of APMs among public and private payers will make it more difficult to measure the causal effects of new
In 2019, under the provisions of the Medicare Access and CHIP Reauthorization Act of 2015 (MACRA), Medicare will add 5 percent to the payments of providers who participate in a diverse array of alternative payment models (APMs) such as medical homes, accountable care organizations (ACOs), and bundled payment programs. This seemingly small change may prove to be a tipping point not only for the adoption of APMs but also for the methods we use to evaluate them. With much resting on the success of these models, there will be a more pressing need for robust information on provider responses to the new payment methods and to the incentives that determine cost and quality. However, the widespread and expanding use of APMs among public and private payers will make it more difficult to measure the causal effects of new payment and delivery models through conventional experimental or nonexperimental methods.
In this article, we discuss how MACRA will significantly reduce the ability of the Centers for Medicare & Medicaid Services (CMS) to use current research methods to measure the impacts of APMs on the cost and quality of care. In particular, we describe why single-factor experimental or quasiexperimental designs, which have been central to evaluations at the Center for Medicare and Medicaid Innovation (Innovation Center), may be unable to provide definitive evidence of model effects when the use of APMs is widespread. We suggest fractional factorial randomized experiments as the best means of producing the evidence needed to guide the continued development of new payment and delivery models and to help calibrate payment parameters to achieve policy objectives. We also describe how perceived barriers to the use of such designs can be overcome. We conclude that, at this critical moment, when APMs are expanding, it is important that CMS and other policy makers consider which research and testing methods will best advance evidence-based policy for the Medicare and Medicaid programs in the new environment.
MACRA CREATES COMPLICATIONS AND OPPORTUNITIES
Under MACRA, eligible professionals (including physicians, nurse practitioners, and therapists) will be paid Medicare fee-for-service (FFS) rates that depend on three conditions: whether their services are furnished through a risk-bearing entity participating in an APM, whether they provide services as a medical home, and whether they meet electronic health record and quality requirements under the new Merit-Based Incentive Payment System. The Secretary of the U.S. Department of Health and Human Services (HHS) has set a goal for half of Medicare payments to be tied to APMs by 2018 (Burwell 2015) . The CMS Office of the Actuary projects that APMs will account for 60 percent of payments for physician services in 2019 (Spitalnic 2015) and 100 percent by 2038. The Congressional Budget Office (CBO) estimates that enrollment in Medicare group plans will account for 36 percent of program enrollment in 2019, growing to 40 percent by 2026 (CBO 2016) . Even if slower than these projections, the rise to predominance of APMs of diverse forms, coupled with a smaller and less-representative traditional FFS component of Medicare, will make it difficult to find comparison groups unaffected by (the potentially biased) selection of patients and/or providers into these payment systems and models.
Selection Biases in Quasi-Experimental Designs Will Increase
As we enter the era of MACRA APM incentives, we can expect providers to sort themselves into the APM shared savings and risk arrangements that are the most financially advantageous to them. This self-selection and sorting may prevent quasi-experimental evaluations from producing unbiased empirical estimates of the effects of APMs or of incentives related to certain forms or payment parameters of these models.
Because APM-participating providers must assume some of the risk of higher costs to be eligible for enhanced payments through MACRA, we can expect that providers who opt to participate in an APM, especially the early participants, will be those most confident of achieving success and may already be ahead of the curve in embracing the transition to new forms of care delivery. Shortell et al. (2014) found physician organizations participating in ACOs to be "relatively large, well-networked practices with strong care management toolkits." CBO acknowledged such selection effects in its scoring of the Strategic Growth Rate repeal and MACRA, and it even offers an indicator of the magnitude of selection effects; CBO projected a $5.5 billion increase in Medicare costs over the next 10 years, in anticipation of the effects of providers selectively choosing between APMs and a value-based payment program (CBO 2014) .
In quasi-experimental designs, the treatment and comparison groups must be comparable on all important factors, observed and unobserved, that are correlated with the outcomes of interest. In recent years, researchers have devoted considerable effort to developing analytic methods that minimize or compensate for differences between treatment and comparison groups. Techniques such as differences-in-differences comparisons of the treatment group to a matched comparison group, instrumental variables, and regression discontinuity methods all require rather strong assumptions about the structural relationships between the determining factors. The ability of such methods to produce valid results will become more dubious, however, if there are multiple, diverse, and complex uncontrolled confounding factors affecting the Adapting Evaluations of Alternative Paymentcomparison group, including those introduced by the simultaneous testing of many large models in separate demonstrations. As such demonstrations expand in size and scope, the best matched comparison cases may often be involved in one or more APMs, making it difficult to interpret results. Factorial experimental designs control such confounding factors by bringing all of the intervention options under a single design umbrella.
Simple Random Assignment to Treatment or Control Status Will Not Resolve This Problem
In the past, randomly assigning program applicants to the treatment or the control group in a test of a single intervention would eliminate the selection bias. Because the intervention could be offered to the treatment group only, and because demonstrations were relatively rare in any given geographic area, the control group provided an unbiased estimate of what would have happened to the treatment group members, on average, absent the intervention. But in the new world of widespread opportunities to engage in APMs, a provider assigned to the "control" group could-and likely would-just enter a different demonstration program or multiple programs. The researcher is then left with an ambiguous counterfactual-the treatment-control difference in outcomes represents the difference between providers exposed to the intervention being tested and those involved in other similar initiatives.
Opportunities
Under section 1115A of the Social Security Act, the Secretary of HHS has authority to test models and define the conditions for participating in such tests, including Innovation Center tests of APMs that will qualify for MACRA payment incentives. Given the benefits that will accrue to participating providers, the Secretary might reasonably require those who participate in the testing of models to comply with research protocols, such as being randomly assigned to an appropriate type of APM, as necessary to definitively evaluate APM effects.
Rather than cling to the no longer attainable concept of a pure, untainted control or comparison group against which to compare the treatment group, we propose the purposeful design and testing of alternative interventions or versions of a given model against each other. In this approach, as we discuss below, planned variations in payment model features and parameters are deliberately and systematically combined into a given number of configurations, and each provider-participating voluntarily or as a requirement of participating in Medicare-is randomly assigned to operate under a particular configuration of such features.
LEARNING STRATEGIES FOR THE MACRA ERA
Evidence-based policy in the coming years requires the support of a research agenda that both directly addresses the most relevant policy questions and sets forth the best methods for answering these questions definitively. Even when early Innovation Center evaluations of models are complete, however, many policy questions related to APMs will remain. How strong do the incentives in shared savings and risk arrangements need to be? How much and what kind of quality reporting is worth the cost and administrative burden? How can payments be structured to support physician-patient decision making that considers cost-effectiveness over the profitability of services? Answering these questions may require testing more nuanced payment methods (multipart or blended, for example) that better align payment with value and balance incentives for the underuse and overuse of services. CMS should consider using experimental methods more often and more creatively, testing systematic variations in interventions with factorial designs, and establishing an advisory council or panel of research design experts (perhaps including provider and policy maker representation) to advise the agency about how major program models can best be designed, tested, and evaluated.
Shifting the Focus to Medicare Payment
In the early years of the CMS Innovation Center, top priorities included fostering organizational change and discovering new ways to deliver care (Centers for Medicaid Services 2014, 2016) . This mindset put the primary locus of learning about delivery models within the participating provider organizations. Fee-for-service Medicare has long paid providers according to a uniform structure, and providers compete for patients mainly on the basis of quality, reputation, and convenience-not price. The new models introduce a diversity of payment methods, rates, and incentives. They are intended to directly reward quality and reduce the incentives for volume through APMs such as bundled payment, ACOs, or medical homes. But there is uncertainty about the extent to which providers are responsive to incentives and whether FFS providers can truly alter patterns of service use without the Adapting Evaluations of Alternative Paymentcontrols on network and service use that are available to managed care plans. The needed evidence can come from evaluation designs that explicitly test various combinations of incentives in ways that will reveal the most desirable mix of payment methods and parameters. This mixed or blended approach to payment seeks to balance the incentives of per-unit payment, which may encourage excessive utilization, and episode-based, bundled, or capitated payment, which may encourage care stinting or cost shifting when not checked by adequate competition.
As they learn within their organizations, providers may augment the knowledge base that improves the delivery of care, but specifying the payment part of "payment and delivery models" is not something that should be left to providers. The locus of learning, at least for designing, testing, and evaluating payment model provisions, must therefore lie with payers. CMS could design payment models that qualify for MACRA incentives while giving participating providers the flexibility to experiment with delivery methods and adapt as they learn. This approach would also allow CMS to take responsibility for constructing experiments in payment methods and rates that would support its own learning strategy for refining the payment aspects of its models. The question is, Which forms of APMs produce the best outcomes in different circumstances?
Sorting Out the Effects of Multiple APMs
Factorial designs are a natural fit for testing APMs under MACRA and for sorting out their effects. This is because the defining characteristic of most APMs, and the research challenge that comes with it, is that they include a mix of payment elements, care coordination fees, shared savings, episode-based payment, and incentives linked to quality. So each APM is characterized by a specific combination of payment factors, exactly as is required for the factors, levels, and combinations of factorial design experiments (see, e.g., Raktoe, Hedayat, and Federer 1981) . Shadish, Cook, and Campbell (2002) state that factorial designs provide a systematic basis for comparing the many possible combinations of features in an intervention. Factorial designs are also known for their efficiency in distilling the effects of an intervention that is delivered at different intensities or when there are interactions or synergies between program elements (Cox 1958; Mee 2009; Collins et al. 2014) . Donald Berwick (2008) includes factorial experiments among the methods that have "more power to inform about mechanisms and contexts" than do (basic) randomized controlled trials. In the context of MACRA, APMs can be thought of as a diverse but related set of approaches to changing provider incentives and the delivery of care. But to date, each model, which represents a specific combination of these elements, has been tested as a one-off proposition, making it difficult to sort out just what features within each model are producing desired or undesired effects. If we think of the payment elements as distinct factors that can be tested systematically and experimentally, factorial designs enable us to sort out the effects of each element and, more important, to identify which combinations of payment elements work best together. At the same time, by eliminating the need for sequential studies to determine the effect of each component of an intervention, factorial designs can produce and promote more rapid feedback and earlier findings on what works.
Using Factorial Designs to Test Systematic Variations of Models
The next generation of the Innovation Center's tests of APMs could better inform public policy if the evaluation designs include multiple treatment groups that are structured to test program variants systematically against each other rather than against the status quo, in much the same way as comparative effectiveness research seeks to assess multiple treatment alternatives, while clinical RCTs often compare a single new treatment against the usual standard of care. For some models in which the level of the intervention can be varied, such as the level of care management fees paid to providers as incentives, researchers can design the experiment to compare the effects of different payment levels. For other models, a crossed or modified factorial design might be appropriate, for example, when the goal is to test the individual and joint effects of care management fees and outcome-based incentives. Factorial models are used routinely in marketing and industrial studies, and researchers have started to use them in evaluations of health care delivery options (Box, Hunter, and Hunter 2005; Zurovac et al. 2013) .
Factorial (and orthogonal fractional factorial) designs are especially promising for assessing APMs under MACRA. The entities or health care professionals being studied-such as physician practices, hospitals, or care coordinators in a health plan-could be randomly assigned to a strategically chosen mix of payment parameters and intervention features. Even if there are too few intervention participants to test all possible combinations of intervention components against each other, researchers can use creative designs such as fractional factorial designs or efficient orthogonal designs to estimate the relative effects of each component-and some interactions of components.
Using a fractional factorial plan, researchers could identify the combinations of features that must be tested to obtain unbiased estimates of the first-order effects of each model feature or component (see, e.g., Dey and Mukerjee 1999) . Such an experimental strategy would enable policy makers to learn which elements to include in an intervention and to evaluate the relative improvements in savings, quality of care, and other outcomes that are expected to result from investing more heavily in a given program component. These designs also ensure that the key payment provisions and program requirements to be tested are systematically varied across participants; when this does not occur, evaluators are left with the challenging task of linking ex post facto differences in outcomes to any observed differences in the implementation of such provisions. Table 1 shows the advantages and disadvantages of factorial designs compared with traditional and current designs.
Using Factorial Designs to Accelerate APM Development
The factorial design approach can accelerate learning about APMs because it provides for simultaneous testing of multiple versions of a model. For example, four dimensions of the payment intervention could be varied: (1) the level of the FFS payment for services rendered (such as visits), (2) the level of the per-case or per-episode payment for assessment and care management, (3) the payment for achieving quality benchmarks, and (4) the reward for savings achieved. Although the early CMS tests of APMs included only one or two variants of these parameters (with self-selection of provider participants into risk strata), with expanded participation in APMs under MACRA, multiple combinations of factors could be tested simultaneously (perhaps crossing a higher versus a lower levels of incentives for each factor); participants would be randomly assigned to one of up to 2 4 (i.e., 16) possible combinations of two incentive levels on each of the four dimensions. This example is illustrated in Table 2 . In this Karnaugh-map-type diagram, cells that share a border (including wraparounds top to bottom and leftmost to right-most) differ in only one factor and so may make logical groups for comparing options and interpreting results. CMS could recruit, say, 240 qualified organizations to participate (the number would be scaled to reflect research objectives and statistical power requirements), randomly assigning each to one of the 16 possible combinations (15 per cell). (Many more variations could be tested concurrently with efficient orthogonal designs without filling all the possible cells.) Unbiased estimates of the overall effect of each of the four payment dimensions would be obtained by comparing outcomes for the 120 participants assigned to the high option on that dimension (e.g., higher per-case payment) to outcomes for the 120 participants assigned to the low option on that dimension. For example, 15 organizations would be randomly assigned to receive the usual FFS rate for services, a higher per-case care (one for each of the factors) and a rich set of interaction effects. Many types of comparisons would be supported. We could compare, for example, the cells with the highest performance incentives (cells 6, 7, 10, 11) with the cells with the lowest performance incentives (cells 1, 4, 13, 16). Or we could compare the set of cells 2, 3, 14, and 15 with cells 6, 7, 10, and 11, to learn whether strong savings incentives diminish the effect of quality incentives. Factorial designs need not be limited to two levels for each factor; there could be multiple levels of the FFS and episode-based dimensions of payment. Alternatively, these two factors could be combined into a single multiple-level mixed-payment-methods factor representing a sliding scale (with a higher FFS component at one end and a higher episode-based component at the other) to find the optimal mix that balances the incentives at the margin for over-providing care in pure FFS with incentives for under-providing care in episode-based payment. This approach could inform decisions about payment parameters and greatly shorten the time required to identify the combinations of model features that maximize the value achieved in improved quality and cost outcomes. If implemented on a larger scale, the approach could also help to identify what combinations of payment features and incentives work best in particular types of markets, and for particular types of practices and patients. Factorial experiments could be used to test a wide range of APMs, including ACOs, bundled payment, and medical home interventions. The findings would show the associated tradeoffs in cost and quality, and how payment parameters can be manipulated to achieve desired objectives, such as better patient outcomes, potentially avoiding years of payment policy guesswork and adverse incentives from poorly calibrated payment. In each type of intervention, it would be possible to systematically experiment with various payment parameters and other requirements.
Making Factorial Experiments Practical
The CMS Innovation Center has eschewed experimental methods for most of its major model tests, stating concerns that randomization (1) may be inappropriate for evaluating complex, multicomponent interventions, (2) could be infeasible if it leads to lower participation of providers, and (3) raises legal and ethical issues if patients are randomized to different levels of care (Howell, Conway, and Rajkumar 2015) . Our view is that none of these are compelling reasons to choose nonexperimental designs over factorial experiments for APMs.
First, factorial designs are ideally suited to break down estimates of the overall effect of a complex intervention into the effects of each of its component factors and their interactions. Some may ask whether it would be too costly to test many variations of a model, given the need for sufficient samples in every factorial cell; or they may perceive such tests as being too administratively complex or requiring additional time to implement. However, the power of factorial design to detect effects depends on the overall sample size and the combinations model features that are being compared, not on the number in any one cell. Efficiency comes from drawing on results across many cells, so for the same sample size or cost many more variants of APMs could be tested with enough power to detect meaningful impacts (Dziak, Inbal, and Collins 2012 ; Pennsylvania State University, no date). Although the size and cost of factorial designs will depend on the need for precision, the time and effort required for administration and evaluation is no greater than for other strong designs or current Innovation Center models. In fact, evaluation tasks are greatly simplified, compared with quasi-experimental designs, as there is no need to search for credible comparison groups or to adjust for or rule out correlation of the intervention with uncontrolled causal factors.
Second, on the issue of participation, factorial designs allow all or nearly all participants to engage in the intervention and so avoid difficulties of unengaged control or comparison groups. Such designs must nonetheless seek to encourage participation that is fully representative. Factorial experiments with voluntary participation must be structured to appeal to potential participants regardless of the model requirements or payment parameters to which they might be randomly assigned. Although all model forms need not be equally attractive to all providers, every cell to which a participant could be assigned (which might include a participation incentive payment) must be perceived as no worse than the participant's status quo alternative to prevent attrition after random assignment. These conditions can constrain the design of models to be tested on a voluntary basis, but they allow all participants to benefit from participation, if in different ways, because none are assigned to a pure control group.
There are tradeoffs in structuring the financial incentives for APM tests. Factorial experiments may produce internal validity with unbiased estimates of effects on participants but could impair external validity. This can arise if the design leads to a smaller and more self-selected set of participants than a design that does not leave demonstration applicants uncertain about the model features and payment parameters to which they will be assigned. Selecting the best designs for testing APMs in the coming years will require realistically assessing the benefits and risks of alternative designs and payment incentives.
Another way to ensure representative participation is to make participation mandatory for providers who deliver particular Medicare services in a specific geographic area. CMS has pursued several mandatory demonstrations for Medicare, including the Comprehensive Care for Joint Replacement Model, the Home Health Value-Based Purchasing Model, and the Medicare Part B Drug Payment Model. These have been proposed through the rulemaking process, which gives providers and the public an opportunity to voice any concerns in advance. While mandatory demonstrations can be controversial if they entail unequal payment methods for providers, they can be an important tool for gaining unbiased evidence of the effects of distinctly different payment models. Mandatory factorial design demonstrations could be employed to efficiently and expeditiously test many variations, each representing a change in payment that is substantively meaningful but small enough to be politically acceptable.
Third, on ethical and legal requirements, APM interventions do not entail different levels of benefits or prescribe forms of care for patients. Care delivery differences associated with APMs are no greater, and typically less, than those in many randomized design demonstrations successfully conducted by HHS/CMS in the past, such as the RAND Health Insurance Experiment (Newhouse et al. 1993) , the National Long-Term Care Channeling Demonstration (Carcagno and Kemper 1988) , the Medicare Case Management Demonstration (Schore, Brown, and Cheh 1999) , the National Home Health Prospective Payment Demonstration (Cheh 2001) , the Cash and Counseling Demonstration (Brown and Dale 2007) , Demonstration of Informatics for Diabetes Education and Telemedicine (Moreno et al. 2008) , the Medicare Care Coordination Demonstration Peikes et al. 2010) , the demonstrations of disease management for severely and chronically ill beneficiaries ) and for dual eligible beneficiaries , and the Medicare Health Support Pilot (McCall and Cromwell 2011).
Our view is that for APMs the benefits of factorial experimental designs, including stronger internal validity and the ability to test more variations and their interactions, will far outweigh the risks to external validity, which can be kept in check with creative design and effective implementation. The benefits of randomization for establishing causality are substantial. Within complex and interactive health care delivery systems, many factors that determine use, cost, and quality outcomes are highly correlated. Randomization provides the only fully reliable means to establish causal effects and definitively rule out the many confounding factors that may affect outcomes. Factorial methods that test a wide range of financial parameters at once may be the fastest way to build up evidence for the best model forms and parameters. Ideally, the parameters tested would span the range of policy-relevant forms of the model, but a narrower range of parameters could be tested if it appears that wide variation in payment would impede participation. While providers may object to short-term inequities associated with randomization, the benefits of accelerated learning in Medicare may more quickly lead to payments that better support care delivery. Policy makers in Congress and the executive branch should consider how much difference in payments among providers can be tolerated in the short run to produce evidence for a more effective program in the long run. Creative designs can help to reduce the disparities in the financial impact of being assigned to a particular demonstration cell.
Obtaining the strongest causal evidence of a program's effects often means investing a good deal of effort upfront in overcoming political objections and practical operational challenges with solutions that support a strong experimental design (Gueron 2002) . CMS demonstrations in the past often randomized patients to test new benefits, but its only prior experience randomizing providers was in the home health demonstrations. Politically it can be more difficult to randomize doctors and hospitals than beneficiaries and home health agencies, whose interests may be less vigorously advocated in Washington. APM tests need not require provider participants to quit innovating in care delivery even if they are randomly assigned to defined payment models that differently support such activities. In fact, Medicare can best learn about what drives care delivery innovation by testing variations in model requirements and incentives.
A strong commitment to making experimental methods work will be needed, as Medicare evolves, to rigorously test APM payment incentives. Fractional factorial experiments combined with insightful qualitative evaluations to explain success and shortcomings in care delivery innovations may offer the best chance of supporting evidence-based continuous improvements, not only for providers but for the Medicare program itself. HHS has a compelling history of conducting randomized design demonstrations in which concerns and objections were overcome by well-considered designs and engaging participants in the experimental process. To advance payment methodology effectively and efficiently in the long run, CMS will need to test models with incentives strong enough to make a difference and evaluation designs capable of establishing causal relationships and accurately measuring those differences.
CONCLUSION: DESIGNS FOR THE TIMES
The expanding use of alternative payment models makes this a pivotal time to use broader and more effective learning methods to support evidence-based policy making in Medicare and Medicaid. Given the extensive participation and self-selection of providers into many APMs, the use of nonexperimental methods to produce unbiased estimates of their effects will soon become infeasible in many cases. Without solid evidence showing which combinations of APM payment and delivery elements yield the best results, Medicare could find itself on a long, meandering path of continual revisions to payment policy, chasing what are ultimately elusive solutions to the problem of delivering affordable quality care. CMS and private payers need a surer, faster path toward definitive evidence of the most effective forms of APMs. This evidence can best come from well-designed factorial experiments because of the particular capability of this method to efficiently and rigorously test a wide range of payment features and parameters against one another in a systematic way.
